Multiparity amongst women with a body mass index (BMI) ≥ 30 Kg/m 2 is a common occurrence despite there being a known clear association with a decline in fecundity in women who are overweight or obese. These women, also pose further concerns, as they are at increased risk of antenatal complications such as preeclampsia and gestational diabetes. Over the years, a number of different modalities of fertility treatments have been tried and tested in this cohort of women to find the optimal treatment to improve their reproductive capacity. There has been an exponential increase in knowledge and understanding towards managing patients with a raised BMI, particularly through assisted reproductive treatments. Although the efficacies of various forms of fertility treatments have been shown to be affected by a rise in BMI, there is yet to be a definitive understanding as to the optimal management of these patients. The literature supports weight loss alone as an effective intervention in improving the reproductive capacity of women with a raised BMI with unexplained infertility. Furthermore, if live birth rate is taken as the desired outcome measure, then ovarian drilling and in vitro fertilisation (IVF) treatment have been shown to yield the best results in overweight and obese patients when comparisons are drawn to other interventions such as natural conception and treatment with clomiphene citrate.
Introduction
Obesity is a common challenge for today's society, with a large burden placed on the healthcare system. Clinicians on all fronts face an uphill task in managing and treating patients with obesity. It has not only changed the outlook of medicine, but also poses new questions about diseases and the current method of managing them.
Obesity in adult women in the UK, accounts for 26.1% of the population, with an overall increase seen in the past two decades (16.4%) [ Women with a raised BMI are known to have impaired fecundity, supported by good quality evidence which has shown that modifications in lifestyle can help to restore their fertility [2] . Despite this, a significant portion of the population presenting to an infertility clinic have been found to have a raised BMI. The difficulties encountered by the treating clinician are that no one method of intervention has been shown to be superior in managing these patients over another; there is a fine balance between achieving the desired response and the complications associated with the proposed procedures. This is further compounded by obese women being at greater risk of obstetric complications [3] .
One of the major drives in improving outcomes in women receiving fertility treatments has been to limit the BMI eligibility criteria. Although some may see this as a harsh reality, it is a necessary benchmark to prevent further complications to patients who fall into this cohort of raised BMI. Nevertheless, patients
are not encouraged to lose weight whilst pregnant, irrespective of their BMI category, instead, most healthcare providers have now developed services to promote weight maintenance throughout pregnancy. The aim is to limit exponential weight gain, which women, particularly in these BMI categories experience. A quantifiable clinical marker validating the weight holding programmes in overweight and obese patients, is blood sugar, whereby improved control has been seen without the need for additional medication in patients following these programmes.
This review aims to establish the effect of BMI on assisted reproductive treatments, looking at the current literature to help establish the optimal treatment options for overweight and obese patients to improve their reproductive outcomes. 
Materials and Methods

Results
BMI and Natural Conception
Women with a normal BMI have been shown to have a three-fold greater fertility capacity than obese women [4] , with a rise in the spontaneous conception rate seen in women with documented weight loss [5] . Women with a BMI > 32 Kg/m 2 have been shown to have a significantly lower live birth rate compared to women with a BMI < 32 Kg/m 2 [6] . Overweight or obese women are more likely to suffer from oligomenorrhoea. They have also been shown to have a higher risk of miscarriage than the background population; a miscarriage rate of 13.7% has been documented in obese women, compared to 10.9% in women with a normal BMI [7] . The recurrent miscarriage rate has also been speculated to be increased in obese women, however, a recent systematic review has not confirmed this [7] .
BMI and Ovarian Drilling
Ovarian drilling is commonly performed laparoscopically. The risks associated with surgery, from the anaesthetic to the surgical procedure increase in larger patients. The theoretical physiological benefit is reduced in women with a BMI ≥ 35 Kg/m 2 and a raised serum testosterone level [8] .
BMI and Ovulation Induction
BMI has been shown to be inversely proportional to the number of follicles produced and directly proportional to the gonadotrophin dosage administered. Obese patients have been found to have a lower follicular count, but with no demonstrable impact on the clinical pregnancy and spontaneous miscarriage rate across all BMI categories [9] . Women with a higher BMI have been shown to require higher dosages and a longer duration of stimulation when treated with gonadotrophins for ovulation induction [10] . However, no difference in the recorded live birth rate has been seen in women up to the age of 40 years with a BMI of up to 34 Kg/m 2 . In contrast, another study looking at women under the age of 38 years demonstrated that morbidly obese women with a BMI ≥ 40 Kg/m 2 had a statistically significant reduction in pregnancy rates when compared to women with a normal BMI (30.5% versus 41.7%; p < 0.05) [11] .
BMI, Clomiphene Citrate and Metformin Therapy
Obese women have been shown to have a lower clinical pregnancy rate and birth rate with clomiphene citrate [6] . However, clomiphene citrate has also been shown to be superior at inducing ovulation in women with a BMI > 30 Kg/m 2 when compared with metformin [12] . Metformin has been shown to have better efficacy in patients who demonstrate insulin resistant polycystic ovarian syn-drome (PCOS) [13] .
BMI and IVF/ICSI
The impact of BMI on assisted reproductive treatments (ART), such as IVF and ICSI is conflicting, with some studies showing no effect [14] , and others demonstrating a poor pregnancy outcome with a higher BMI. Two large meta-analyses looking at the impact of BMI on IVF outcomes found insufficient evidence to draw firm conclusions on the impact of BMI on live birth rate [15] 
Discussion
A normal BMI can increase a woman's reproductive potential by three-fold [4] , with evidence showing a higher spontaneous conception rate in women with documented weight loss and a reduction in their antenatal, intrapartum and postpartum risk score assessment [5] . Obese patients have been shown to have a lower pregnancy rate, a higher early pregnancy loss rate and a lower overall live birth rate [29] .
Obesity is known to have an impact on the hypothalamic-pituitary ovarian axis, and on oocyte, embryo and endometrial development, including implantation [30] , with larger women being shown to have a higher miscarriage rate compared to woman with a normal BMI [7] . PCOS is more common in obese patients. The cause and effect of PCOS towards obesity is clearly documented in endocrinology journals, however, it cannot be assumed that patients with PCOS will always be obese. There is a fine crossover amongst articles whilst describing obesity and ART when they address PCOS as a causative factor. Overweight or obese women are more likely to suffer from oligomenorrhoea and anovulation, impacting fertility.
Poor reproductive outcomes are associated with chromosomal alignment anomalies and disarrayed meiotic spindle formation. A study has shown that severely obese women have a significantly higher percentage of disarrayed meiotic spindles when compared to women with a normal BMI (58.9% versus 35.1%; odds ratio [OR] 2.68, 95% CI 1.39 -5.15, p < 0.05) [31] . This data should be interpreted with caution due to the small sample size and inclusion of only failed fertilized oocytes.
Laparoscopic ovarian drilling is a treatment option discussed with anovulatory patients wishing to conceive. Menstrual cycles and endocrine profiles have been restored in women undergoing ovulation induction surgery [32] , including the blood flow within the ovarian stroma [33] . Ovulation and pregnancy rates are comparable between ovarian drilling and treatment with exogenous gonadotrophin [34] . The procedure itself is associated with minimal morbidity and mortality. However, with the average BMI of the background population steadily increasing, this has brought with it technical challenges. A study has shown that five small punctures to the ovary, instead of ten, is sufficient to produce the de-sired results in these women; alleviating their hyperandrogenic state as well as improving their reproductive outcome [35] . However, obese women and those with a raised serum testosterone level have seen less benefit from this treatment, with obesity being a risk factor for resistance towards ovarian surgery [8] .
A new challenge facing clinicians in the management of obese women is dose titration. The data is conflicting with some studies showing differences in outcome based on drug dosages across the BMI categories and others not. Overall, BMI has been shown to be inversely proportional to the number of follicles produced and directly proportional to the gonadotrophin dosage required [23] and duration of stimulation [17] . A large meta-analysis by Rittenberg et al.
(2011) [17] has shown an overall statistically significant lower live birth rate in IVF/ICSI cycles in women with a BMI ≥ 25 Kg/m 2 compared to women who underwent the same procedure with a normal BMI. In contrast, the risk of OHSS is inversely proportional to the BMI of the woman [28] .
In addition, obese patients have an increased obstetric morbidity and mortality rate (CMACE 2010) . This is further compounded with IVF treatment, whereby women with a BMI > 40 Kg/m 2 have been shown to be at increased risk of pre-term labour and of having a large for gestational age baby [11] .
Conclusions
A good body of evidence exists, documenting the impact of BMI on the female reproductive system, and particularly on the available fertility treatments. Multiple studies have concluded that a high BMI is associated with a reduced natural conception live birth rate. Weight loss alone has been proven to be an effective intervention in improving the reproductive capacity of women with a raised BMI with unexplained infertility. Furthermore, obese patients have been found to be at increased risk of antenatal complications such as pre-eclampsia and gestational diabetes [36] .
Several factors have been identified to impact the success of an ART cycle. The quality of the embryo is commonly implicated and is thought to be inversely proportional to the weight of the woman. This may explain one mechanism by which the early pregnancy loss rate is seen to be higher in this cohort of patients.
Interestingly, the evidence regarding the impact of a raised BMI on the endometrium is inconsistent. Some have documented a more receptive endometrium with an increase in BMI, whilst others report a hostile endometrium in higher BMI categories.
Ovulation induction as an ART modality is well described in the literature. A number of good quality studies have looked at developing the optimal treatment protocol for overweight or obese patients. Although a slightly longer duration of treatment and in some cases a higher dosage of medication is required, the live birth rate in overweight and obese women is comparable to women of a normal BMI category [37] .
The results from studies looking at the impact of BMI on IVF outcomes have been conflicting. Some authors have demonstrated a favourable influence of BMI on IVF outcomes, whilst others have reported an inversely proportional live birth rate with IVF treatment and a rising BMI. A recent meta-analysis performed in 2011 by Rittenberg et al. [17] , supports the latter theory of a reduced live birth rate in overweight and obese women when compared to women with a normal BMI.
Overall, the live birth rate is lower in overweight and obese women when compared to an age matched control of a normal BMI. No single defined intervention has been identified to best manage overweight or obese women. Advancements in infertility treatments for this cohort of patients brings with it other difficulties and considerations for the ongoing management of these women in the obstetric period, for both obstetricians and anaesthesiologists.
